Natural killer (NK) cells were discovered in the 1970s and named after their natural pro pensity to destroy tumor cells. Recent insights into the heterogeneity of immune cells have shown that NK cells are not all equal but in stead consist of diverse cell types with some that actually do kill tumor cells and others specializing in the physiology of the tissue they reside in. An example of the latter is uterine NK (uNK) cells (also known as de cidual NK cells), the most abundant leuko cytes in the decidua. They are thought to contribute to both trophoblast invasion into the decidua-a necessary step to form the placenta-and to fetal growth (1) . The recent success of immunotherapies has rekindled the enthusiasm for finding molecules and pathways in immune cells to target for thera peutic purposes. Sliz et al. (2) now report a key role for the Grb2associated binding protein 3 (Gab3) for the expansion of mouse NK cells in response to cytokine stimulation as well as rejection of melanoma cells and regulation of trophoblast invasion during pregnancy.
Gab3 is one of three members of a family of adaptor proteins expressed mainly in hema topoietic cells in contrast to Gab1 and Gab2 that are essentially expressed ubiquitously. The highest expression of Gab3 is found in NK cells, mast cells, and memory CD8 + T cells. By functioning as scaffolding and docking molecules, adaptor proteins assist in the as sembly of large multiprotein complexes that transduce signals downstream of receptors for growth factors and cytokines, thus regulat ing cell survival, differentiation, and prolifer ation. Like its homolog daughter of sevenless (Dos) in Drosophila, Gab3 contains a highly conserved Nterminal pleckstrinhomology domain, which is crucial for membrane an choring and contains several phosphoryla tion sites for tyrosine kinases that enable binding of other signaling proteins, including the tyrosine phosphatase SHP2 (Src homology region 2 domaincontaining phosphatase2), the adaptor protein Crk, and the phosphati dylinositol 3kinase (PI3K) regulatory p85 subunit. Although a role for Gab1 and Gab2 downstream of antigen receptors and Toll like receptors in immune cells has been found, the role of Gab3 in immune cells is not clear other than a contribution to macrophage differentiation (3) .
To investigate the role of Gab3 in mice, Sliz and coauthors (2) R27C is a hypomorphic mutation that impairs recognition of missing self and rejec tion of melanoma cells.
While breeding Gab3 KO mice, the authors noted birthing difficulties, including stillbirth, retained placenta, hemorrhage, and unde livered fetoplacental units. Some of these signs resemble those of the human condi tion known as placenta accreta. In this serious pregnancy complication, the trophoblast in vades too deeply into the decidua and attaches to the myometrium or penetrates through it (placenta increta) and, in extreme rare cases, even the uterine serosa (placenta percreta). A known cause of placenta accreta is when the placenta attaches onto a uterine scar (placenta previa), which lacks decidual tissue and is often secondary to a previous Csection delivery, the rate of which has substantially increased recently. Placenta accreta causes excessive bleeding during vaginal delivery. If placenta accreta is diagnosed in time, then complications may be prevented by Csection delivery, often followed by the removal of the uterus. Because uNK cells are thought to regulate trophoblast invasion and placenta formation in both humans and mice, the authors hypothesized that a uNK cell deficit in Gab3 mutant mice could explain the ob served birthing difficulties.
What the authors found on further charac terization of uterine tissue from Gab3 mu tant mice supported the hypothesis. Fewer uNK cells were found in the decidua of mutant mice than in control mice, and the placentas were abnormal because the trophoblast in vaded too deeply in the decidua. This finding was interesting because of the contrast in Gab3 mutant mice between reduced uNK cell and normal peripheral NK cell numbers. The placental cells that invade the decidua are extravillus trophoblast (EVT) in humans and trophoblast giant cells (TGCs) in mice. These differentiated trophoblast cells replace en dothelial cells in the maternal blood vessels in both species-although the invasion is much deeper in humans-and transform the uterine arteries into flaccid large conduits where circulation is slowed down and no longer under maternal control, facilitating the exchange of gas and nutrients between mother and fetus. Various subsets of uNK cells can be distinguished in mice and humans on the basis of their expression of specific surface markers. The role of these uNK subsets is not well characterized in either species. Mutant mice showing a phenotype affecting specific uNK subsets may help define their relative roles. Tissueresident uNK cells reg ulate angiogenesis and tissue remodeling, whereas other uNK cells produce interferon (IFN), which in mice is essential for uterine arterial remodeling (4). Sliz et al. (2) found that the tissueresident uNK subset was reduced in mutant mice with more profound defects in Gab3 KO than in Gab3 R27C mice. Transcriptome analysis by means of RNA sequencing of total uNK cells revealed decreased expression of noncytotoxic granzyme genes in Gab3 KO uNK cells. These genes are highly expressed in tissueresident uNK cells and thought to participate in tissue remodeling (5) . Other reduced genes in Gab3 KO uNK cells, albeit modestly and among many, were the macrophage migration inhibitory factor (Mif ) and the chemokine (CC motif) ligand 1 (Ccl1). By contrast, the expression of the gonadotropinreleasing hormone gene (Gnrh1) involved in promotion of trophoblast at tachment and invasion was 10 times higher in Gab3 KO uNK cells. Histological evidence showed that the loss of Gab3 associated with increased TGC invasion into maternal spiral arteries, which resulted in reduced vessel lumen relative to the whole vessel area. Also, the shortest distance between the areas of trophoblast invasion and the uterine wall was three times shorter in mutant mice than in control mice. Moreover, the depth of both the labyrinth and the junctional zone of the placenta was greater in both Gab3 R27C and Gab3 KO mice. Together, these results show defective uNK cell expansion and potentially compromised function of tissueresident uNK cells with consequences on uterine tissue re modeling and placenta formation in Gab3 KO mice.
NK cell development, differentiation, and function are regulated by a plethora of in hibitory and activating receptors for MHC class I molecules, adhesion molecules, stress induced signals, and cytokines. A crucial step in NK cell differentiation is signaling through the interleukin15 (IL15) receptor, and indeed, IL15 is the central cytokine in NK cell development (Fig. 1A) , as shown by NK cell defi ciency in mice lacking IL15 or subunits of the IL15 receptor and its downstream signaling molecules Janus kinase-3 (JAK3) and signal transducer and activator of transcription-5 (STAT5). The IL15 receptor shares two of its three subunits with the IL2 receptors [IL2R (also known as CD122) and IL2R], and NK cells respond to IL2 too. Another important step in NK cell differentiation is the NK cell education process mentioned earlier. NK cell education is not completely defined molecularly, except for the require ment of interactions between the SHP1 phosphatase and inhibitory receptors that bear immunoreceptor tyrosine-based inhibi tory motifs (ITIMs) in their cytoplasmic tail (6) . Some of the signaling proteins that can form multiprotein complexes with Gab3 may participate in NK cell function, for example, PI3K, as well as the adaptor protein Crk, which regulates both NK cell activation and in hibition (Fig. 1B) . Experiments in vitro showed that peripheral NK cell expansion in response to cytokines IL2 or IL15 was reduced in Gab3 KO 
NK cells and, albeit to a lesser extent, in Gab3

R27C
NK cells. Fewer cells in both groups were in S phase of the cell cycle. Cell survival, how ever, was normal in both types of mutant NK cells. The defective response to cytokines was not generalized because mutant NK cells stimulated with IL12 and IL18 responded with the expected proportion of cells pro ducing IFN. By measuring the phosphoryl ation of signaling proteins in NK cells stimulated with cytokines, the authors were able to pick out the intracellular pathways affected by Gab3 mutations downstream of the IL2 and IL15 receptors. Gab3 was required for the phosphorylation of extracellular signalregulated kinase (ERK), p38, and cJun Nterminal kinase (JNK) but not STAT5, p70, or AKT. Also defective was the phos phorylation of the ribosomal protein S6, which is a component of the 40S ribosomal subunit required for RNA translation and cell growth that is downstream of the mitogen activated protein kinase (MAPK) and PI3K pathway. Similar in vitro experiments were conducted with uNK cells. A uNK subset previously associated with IFN production showed defective ERK but normal STAT5 phosphorylation within Gab3 KO uNK cells, whereas another subset producing vascular endothelial growth factor showed normal ERK and STAT5 phosphorylation in Gab3 KO cells. However, compared with splenic NK cells, pERK and pSTAT5 levels were quite low in both control and Gab3 KO uNK cells, thus making the comparison with the re duced phosphorylation in spleen NK cells somewhat difficult. Taking these results to gether, it appears nevertheless that down stream of the IL2R subunit in NK cells, MAPK activation depends on Gab3 but not signaling through the JAK1PI3KAKTmTOR or JAK3STAT5 pathways.
These results add another signaling com ponent to the network of molecules that regu late NK cell function. Given the differences in the biology of peripheral and uNK cells, what is the common molecular mechanism in Gab3 mutant mice that explains the failure of pe ripheral NK cells to reject MHC class I-defective cells or melanoma cells and the failure of uNK cells to regulate trophoblast invasion (Fig. 1, C and D) ? Perforinmediated cytotoxicity is required to reject cell transplants and melanoma cells, and Gab3 might be involved in the pathway down stream of an undefined activating receptor that signals through the Gab3 dependent MAPKERK pathway (Fig. 1C) . The MAPK ERK pathway is indeed required for perforin induced cytotoxicity, but uNK cells are poorly cytotoxic, and mice lacking perforin do not have obvious pregnancy phenotypes. IFN is a key cyto kine for both melanoma cell elimination and spiral arteries remodeling, and in NK cells, this function is also ERKdependent on stim ulation with IL2 but not with IL12 or IL18. Although the Ifng gene was normally ex pressed in Gab3 KO uNK cells, we do not know whether IFN production is normal in uNK or in peripheral NK cells responding to melanoma cells. Elimination of MHC class I-defective cells does not depend on NK cell expansion because this can be achieved even by mice irradiated before cell transplant. Defective expansion of uNK cells in response to IL15 might instead explain the trophoblast inva sion and placental phenotype in Gab3 KO mice. And yet, the phenotype of Il15 KO mice, or that of other NK cell-deficient strains, which is limited to defective spiral artery remodeling, does not mimic that of Gab3 KO mice, although uNK cell depletion in rats does cause excessive trophoblast invasion (7, 8) .
Could Gab3 be involved in NK cell educa tion downstream of ITIMcontaining recep tors by interacting with a signaling molecule involved in the process? Shp2 interacts with Gab3, and both Shp2 and Gab3 are required for ERK activation downstream of the IL15 receptor in NK cells, but Shp2 is dispensable for NK cell education (9) . Participating in signaling downstream of both inhibitory and activating receptors, the adaptor protein Crk might be a suitable candidate.
The in vitro experiments conducted by the authors suggest a clear dichotomy be tween the Gab3dependent MAPKERK pathway and Gab3independent PI3K and STAT5 signaling downstream of IL2R. It is worth pointing out, however, that two PI3K mutant mouse strains have been described with pregnancy phenotypes more severe than those of NK cell-deficient strains. P110/+ mice have defective structure and growth of the placenta as well as reduced fetal growth (10). Gab3 is required for macrophage differ entiation (3), and macrophages are key cells in the decidua. P110inactive mutant mice have unbalanced macrophage populations in the decidua, which is more inflamed, con tributing to fetal loss (11) . This suggests that uterine macrophages might also be abnormal in Gab3 mutant mice, and cellspecific mu tant mice will clarify the cellintrinsic role of Gab3 in pregnancy. Fig. 1. Gab3 in NK cell expansion and 
